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The Digital Potentionietoris ideal 
for use with the Precision DC 
Voltage Reference described tn 
LPL June 2001. 
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Constructional Project 


4 eae well-priced, wide-coverage and very popular 
handheld scanners offer valuable ‘close call’ feature 
ant he become well respected for general VHF/UHF 
work. 

The discriminator tap access is straightforward and 
filing an external socket should make for a neat and pro- 
fessional enhancoment to the set. However, your scanner 
warranty may become invalid! 

All variants of the UNIDEN UBC72/73 and 92/93 use 
the 24-pin TOKO TK10931 discriminator IC, with base- 
band audio output at pin 12 (LND7). This accesses the 
unfiltered audio A resistor soldered to a convenient 
pad on the PC board provides the tap without otherwise 
affecting scanner operation In most cases, a 10k resis- 
tor suffices, but with some sound cards we've had to go 
as high as 220k9 to avoid overload. You could alsa use 
a 220k trimpot in series with a 10KQ resistor to make 
adjustment easier. 


The basic setup for 
receiving the ~160MHz 
AIS signals and 
decoding them via 
your PC's sound card, 


‘OUTPUT 
Tupping into 3 
the receiver's REDUCE HIGH FREQUENCY 
unfiltered 


audio is quite 
simple. At right 
is the circuit 
diagram suiting 
the Uniden 
scanner. 


Undoing six Philips-hoad scraws readily dismant 
Uniden scanner and the revealed circuit boards simply 
clip apart, Neatly solder thy 10kQ resistor and outlet wire 
al LND?, perhaps sliding fine heat shrink tubing over the 
Wire joint to prevent circuit board shorts. 


The resistor’s other end is wired 
to a 25mm mono chassis socket 
mounted on the back of the 
scanner. There is sufficiont 
space batween tho stacked 
PCBs and caso for this 

A short wire for the 
ground lead can be run to 
the antenna’s ground tor- 
minal ~ a 10nF capa 
between the resistor's 
end and ground may holp 
remove residual higher 
frequency portions, 

A 2-wire external lead 
then connects to a 
3.5mm plug to suit th 
soundcards lin 
socket. The scanner squelch must be wide open (‘hissing’) 
but the seanner's internal speaker volume can be turned 
right down 


The antenna 
Unlike 2.4GHz WiFi, aro nol so 
best AIS 


line-of-sight 


n most 
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An infrared transparent filter is fitted to the inside of the caso at the receiving 
(PD1) end of the UB3 box, while a 30mm x 12mm-diametor ‘light-hood’ (eg, 
brass or plastic tubing) is attached to the outside of the case. 


4 


Follow thls photo and the parts layout 
diggram Fig.2 to Lutld the Detector PC board. 


F capacitor 
gaing in ICL 


ko it wr to 
ads to them. 


HOLE B: 6 Smm DIAMETER 
HOLE C 10mm DIAMETER 


END OF UB) BOX CUTOUTS 
5: the ‘Controls’ end the 
required. Hole B is for the volume pi 
the power switch and 


Trimpots VR2 


knob. T 
in Pig.4 
the pot 

Scrape 


ssiv 
s where t 
stakes 


low the 


potentiometer body 
ter secure and the lower PC 
body to the circu 1 At 
ad. This is used as a spacer 
Next, the power sock 
can be inser! ind 
With the PC board ¢ 
the case You will 
box for the DC pan 
antenna-securing screw 


Volume plate 

The volume p 
shaped as shown in Fig 
ingles sa red 
screws and nuts. Mark out 


be sec 


Looking inside the open ca 
volume p is secured, 


this photo 
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224 
104 
473 
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The mute buttons 


There are two a 


More mode information 
As stat in the 
outpul 


of 1Hz. Dep 
digit yous 
ing the Up and Do: ons will add 
or subtract 1Hz, 10Hz, 100Hz, 1000Hz 
or 10,000Hz 

The amplitude is set 
fashion, and the ran 
—98dB in 1dB st 

If you incre 
—98dB, the readout changes to ‘off 
the si, is muted. 

Note that as you get close to -98dB, 
the actual signal amplitudes become 
so small that the error increases and 
some values have an identical result 
In fact, -96dB, -97dB and —98dB 
generate the same amplitude due to 
the 16-bit precision of the scaling fac- 
tor. However, for att ion down to 
-60dB, the scaling is basically perfect 
Beyond that, the measured values are 
as shown in Table 2. 

Note that these measurements also 
include scaling errors from the DAG 
itself, sa they are only u guide as to the 
unit’s actual precision. 
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Locked Mode readout: (op line = signal frequency 
both channels) and left channel amplitude; bottom 
ine = channel phase difference ano right channel 


amplitude. 


Independent Mode readout: top line = left channel 
frequency and amplitude; bottom line = right 
channel frequency and amplitude. 


Mlxed Mode readout: top line = frequency and 
jitude of wave 1; bottom fine = frequency and 
amplitude of wave 2. 


Pulsed Made readout: top line = frequency (both 
channels) and pulse-on amplitude; bottom line = 
pulse-on time (0-9999ms), pulse-off time (0-959ms) 
and pulse-off amplitude. 


and amplitude (bath channels); bottom line = finish 
frequency (both channels), sweep time (0.1 - 99.9s) 
and off-line (0-98s and manual), 


Note: values inside green hoxes can be selected and varied using the front panel pushbultons 


ep in mind that when adjusting 
the attenuation, pressing the Up but- 
ton increases the attenuation and thus 
decreases the signal amplitude. 

The only other mode settings (aside 
from frequen id amplitudes) are —70d8 |-69.2008 
time per. In the case of pulsed -79.160B 
y are specified in millisec- 
onds and hav ri £0-9999 [j =Aga5aB 
under 10 seconds) or 0-999 (just unc 
second). Insweep mode they 
specified in tenths of a second and 
ds, with a range of 0-99.9 seconds 
seconds respectively 


Selting Measured Value 


a second) but also you ean pause and 
restart the sweep Pressing the Left 
button in this readout made pauses or 
resumes the sweep, while pressing the 
Right button starts/restarts it 

This is especially useful when you 
are optimi ng crossover networks or 
matching a subwoofer to other driv- 
ers. If vou hear a peak in the eutput 
amplitude, you can pause the sweep 
and read off the frequency 

There may be times when you want 
amanual sweep, ie, rather than having 
it loop repeatedly, vou can trigger it 
manually, To do this. set the sweep 
off time to maximum via the sweep 
mode readout — it will show ‘man’ 
(manual) 
tiwill then only start when vou tris- 
itmuanually from the status readout 
ng the Right button. 
Sweep setting readout: this allows vou 
to choose between Exponential or Lin- 
ear sweep Exponential sweep ts the 


d. However, 
are shar ween the modes. 
independent and mixed 
mode share all their settings, differing 
only how they output the signal 
(independently to each channel or 
mixed on both). result, changing 
a setting in one changes both 

The left/right channel amplitudes 
are shared between all modes except 
pul ncl sweep. Most other settings 
are independent, 


Configuration details Q 
Table 3 shows each setting readout 4 
and describes each field. Some require 
more explanation, as follows: 


Status readout: the Status readout is 


—6008 ~59.920B 


very useful in sweep made. Not only 
does it show the frequency as the 
sweep occurs (it’s updated four times 


default and is usually what you want 
In this mode the frequency doubles or 
halves ata fixed rate 
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Displaying the Theremin waveforms 


The wavelorms on pages 12 and 13 were recorded using Nero 
Wave Editor, Similar waveforms can be displayed using the NCH 
Wavepad or Audacity software, or similar. 

The signal from the Theremin was connected to the line input 
of the computer. An adaptor lead (phono plug to 3.5mm slereo 
jack) is required to connect the Theremin output to the computer 
input The recording will be In either the left or right channel as the 
single phono output will only connect to one channel or the other. 

In Windows XP, the signal levels are set lo prevent clipping ol the 
slgnal, by selecting <Control Panel>, <Sounds and Audio Devices 
Properties>, <Sound Recording Volume> and then adjusting the 
Line In slider. 


) 


~, 


) 
i 


or other st 
Secure 


Crows into 


tach 


tine 


The level meter on the Nero Wave Editor Recording Console shows 
the signal reading; the volume ts set for signal lovel below the Od8 
maximum. 

The signal is then recorded using a 16-bit 44 ikHz sample rate 


The recorded signal can then be expand 
waveform in detail using the zoom In ' 
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Insulation testing 


‘esting the insu! ation of ma ins-powored equipment 
nd cables Is an! mportant step in ensur ing that they 
‘ 


ose a shoc! 
are safe to use and don (p ‘d New Zealand stand- 


to the Australian an eh 
ae ‘inspection and testing ot ae a are 
it te SINZS 3760'2003), tests on the ins ee me 
Beal cables and equipment operating Ito 
me: 


4 500V DC. 
\ ting voltage O 
ied out witha les! ones 
Sealer whee the equipmentinciuett eer ee 
protection devices, the testing can be 


tion tests 
The racommended testing vollage oe Dae pene 
on industrial equipment such as OVENS, 


three 
power converters operating from 


AC Is 1000V OC. 
Insulation tests on 
performed by pease 
insulation resistan' 
abe Class | (earthed) equipment 
Gaon s (residual 
Cle aa ETA except for portable RCDs (' 
qreal : 


be greater than 

current devices) where it shoul ne Thess devices 
' sistance & 

2.5mA. The insulation resistal = than 100K! 


should be not less than 1M® or no 


able RCD 
fora poral jouble-Insulated) equiPr 


inthe power switch on 
tors (connec 
5 supply conduc’ co 
rf uihed me al parts should 


domestic 230V equipment enh. 
ng either the leakage curre 


with accessible 
ent should be no 


1 the insula 
sured be- 
ed together) 
again be not 


SELECT TEST 
VOLTAGE 


n resistance figure of M2 on 
and power boards (betes g 
4 the earth conductor), to Bon 
put pins and both outpu! 
ation transtormers (pewneh 
and sxternal earthed or ats 
nprmary and secondary win i ae 
3 condary winding and exte' 


etal parts) 


Fi 
and glued to 
or sealed with se 
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y2mm hole 
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*1 PC board, code 850 (DC-DC Conv), 


1 LCD module 


2 4mm solder lugs 

1 16-pin length of SIL socket strip 
1 16-pin length of SIL pin strip 

1 18-pin IC socket 

2 8-pin IC sockets 

4 25mm M3 tapped metal spacers 
212mm M3 tapped nylon spacers 


4 6mm M3 machine screws, csk head 
3 M3 hex nuts, metal 

4 12mm M3 machine screws, nylon 

1 25mm M3 machine screw, nylon 

9 M3 hex nuts, nylon 

6 MG tlat washers, nylon 


Semiconductors 


1 MC34063A converter controller (IC 1) 
1 LM358 dual op amp (IC2) 


1 LM7805 SV regulator (REG1) 
1 8C337 NPN transistor (Q1) 
2 BC327 PNP transistor (Q2,Q4) 


1 6.2V 1W Zener diode (2D1) 

15.1V 1W Zener diode (2D2) 

2 1N4004 1A diode (01,02) 

1 UF4007 ultra-fast 1000V diode (03) 


Capacitors 

1 470uUF 16V radial olectrolytic 

1 220uF 10V radial electrolytic 

2 100nF 630V melallised polyester 

2 {00nF 100V MKT metallised polyester 
2 100nF multilayer monolithic ceramic 
2 1nF 100V MKT metallised polyester 


210M HV* 43.3MQ HV* 
1 1IMQ 1 120k 2 68k 
410k 15 6k 14 7kOQIW 
19. 3k0 32.2kN 11.8ka 
11kO 16800) 12700 


2 100 1220 


1 {MQ mini 25T vertical timpot (VR1) 
1 10k mini horizontal trimpot (VR2) 
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11 6mm M3 machine screws, pan head 


12 1mm diameter PC board terminal pins 


1 IRF540N 100V Atchannel MOSFET (Q3) 


1 22k 
13.6k2 
115k 
11800 
1.0 122 SW wirewound 


PARTS LIST — DIGITAL INSULATION METER 


"1 PC board, code 849 (Main/Dis), 109mm x 84mm 
70mm x Simm 

1 UB1-size plastic box, 157mm x 95mm x 53mm 

, 2 lines x 16 characters with LED back-lighting 
(Altronics Z-7013, Jaycar OP-5512 or equivalent) 

1 Ferrite pot-core pair, 26mm OD, with bobbin to suit 

1.500mm lenath of 0 7mm diameter enamelled copper wire 

1 8m length of 0.25mm diameter enamelled copper wire 

1 100mm length 0.7mm diameter tinned copper wire 

1 10x AA batteryholder (flat), cut down to 6x 

1 2-pole rotary switch, PC board mounting, with 16mm knob (S1) 
1 SPST pushbutton switch, panel mounting (S2) 

1 SPDT mini togale switch, pane! mounting (S3) 

1 Mini DIL reed relay, SPST with 5V coll 

2 Binding pos/banana jacks (1 red, 1 black) 


* Available as a pair from the 
EPE PCB Service 


Software 
All software program 
files for the Digital 
Insulation Meter will be 
available from the EPE 
website at 


www.epemag.com. 


WE DO NOT 
SUPPLY REAOY- 
PROGRAMMED 

MICROCONTROLLERS 


1 PIC16F88 programmed microcontroller (IC3) 


Www, jaycarelectronics.co.uk 


Reproditced by arrangement 
with SILICON CHIP 
Magazine 2012 
www siliconchip.com au 


Resistors (0 SW 1% metal film unless specified) 


* HV (1.6kV rated) 
eg MH25 series 
Farnell 110-0295 
(10M) and Farnell 
110-0288 (3.3Mu) 


microcontroller then makes its calcu- 
lations to drive the LCD. 

Once it has measured and calculated 
the leakage current in this way, the 
micro can then calculate the effective 
leakage resistance This ls because it 
is able to sense the position of test 
voltage selector switch $1, via the 
contacts of S1b which are connected to 
input pin 17 (RAO) and pin 16 (RA7). 
So, knowing the test voltage in use, 
it can calculate the total resistance 
connected between the test terminals. 
Finally, it then works out the external 
resistance between the terminals by 
subtracting the 4.6k or 14.7kQ inter 
nal resistance. 

Both of the calculated current and 
resistance values are then displayed 
on the LCD module, along with the 
tast voltage being used. 

IC3 is using its internal clock oscil- 
lator, running at very close to BMHz. 
This gives an instruction cycle time 
of 2MHz, which may be monitored 
using a scope or frequency counter at 
tost point TP2 

Trimpot VR2 allows the LCD 
modulo’s contrast to be adjusted for 
optimum visibility, while the 22 
resistor connected to pin 15 sets the 
current lovel for the module's inbuilt 
LED backlighting. This was chosen for 
the best compromise between display 
brightness and battery life, as the LED 
back -Hghting is a major component of 
total battery current 


Construction 


As you can soe from the photos and 
diagrams, most of the components 
used In the new Digital Insulation 
Moter aro mounted directly on two 
small PC boards. 

The high voltage converter parts 
all mount on the sinaller of the two 
boards which measures 70mm = 
51mm and is coded 650 (DC-DC Cony). 
This bourd sits in the bottom of the 
plastic box at the front of the 6xAA 
cell batteryholder. 

Most of the remaining components 
mounton the larger board, which meas- 
ures 199mm x 94mm and ts cadod b49 
(Matos/Dis). This hoard attaches to the 
underside of the box lid/front panel via 
four 25mm-long M3 tapped spacers. 

The only caniponents not mounted 
on either board are the test terminals, 
pushbutton switch S2 and power 
switch 53; these all mount directly on 
the box lid/front panel. 


ctional Project 


The three LCD servens which should greet you when you tin the Digital Insulation Toster on 
explanatory, It changes automatically to the middl hh tells you what to de Gt +0 
screen shows the test voltage (as set by S1), the leakage cur wily!) at 


thes 


knife. Then t 
be smoothed using 
We have prepared an 
the front panel which ¢ 
copied from the mag 
resulting copy can br 
front of the lid and the 
self-adhesive cloar film for 
\ more robust 
Jamir 
pouch, ¢ 
using thin dout 
Youm 
+ 30mm 
thick ¢ 


from dirt and 
window pa 
roar of the 
ore 
Once your lic 
you can 
ilusing the 


unt swit ir t 


Another view 
of the comple 
PC hoards, ready for 
installation im the case. The 

smaller board (above) fs actually 

an carly prototype ~ there are a few differences 
in the final version (shown in the overlay) 
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‘onstructional 


NEGATIVE TEST Ten 


MAM BOARD MOUNTED 
BEHIND UD USING 
Ax DSenem MO TAPPED SPACERS 


\ 
T) POTCORE HELD TO 


CONYERTES PC BOARD MOUNTED 


CONVERTER PC BOARD USING IN BOTIOM OF BOX USING 4 x 12mm 


25mm «M3 NYLON SCREW 
WITH NUT & FLAT WASHERS 


y, through 
case, lo show 
pes together. The 
» photo underneath 
main PC board and 
ol removed from the 


ofallofthec 
both boards, 
‘ation, 


fitted to each board, 
soldered first so they won'tbe fon 
After both poirs of links are in place 
you ¢ 1 the tecminal pir y the 
E ost points TRH and TP2 


the OV be 
Jott) and the t 
interconnections to the e 
are a furthe: 


tions (at lower 
itor the 
nvertor board 
X terminal pins 
nd 
) nuection 
larger board (at low 
right) and ly for the high voltage 
output (upp left) Once the terminal 
pins have been { you can fit the 
sockets for 1C1 (on the smaller con 
vorter board), 1C2 and (C3 
Next, come all of the fixed resis 
tors, taking particular care to fit each 


wires to t 


16 


M3 NYLON SCREWS WITH 4 x Fur 
WASHERS & 8 x NYLON M3 NUTS 


ae 


value ip its correct position, Follow 
these with the two trimpots, making 
sure you fit these with the orientation 
shown in Fig. 4 

The capacitors are next, starting 
with the lower value ceramic and met- 
ised polyester caps and following 
these with the tak (on the converter 
board) and the two polarised electro: 
lytics on the main board — again mateh 
ing their orientation to that shown tn 
Fig 3 The 100nF 640V polvester caps 
can be fitted also at this s' 

After the capacitors. you can {it 
diodes D1 and D2 on the main board, 
aod Da (UF4007) on the converter 
board, taking care to ortent them 1s 
shownin Pig. 4 These diodes con then 
he followed by Zener diodes ZD1 and 
Z02. which both go just above the 
centre of the main board Note that 
these are oriented in opposite ways. 
as shown in Vig 3, und alse that the 
62V Zover is ZD1 while the 5 1V 
Zoner is ZD2 


6x44 CELL HOLDER (CUT DOWN FROM 10xAA HOLDER) 
MOUNTED IN BOTTOM OF BOX USING DOUBLESIDED TAPE 


yw vou can solder transistors QT 
and Q2 to the converter board, mak 
ing sure that you fit the BO437 device 
as QL You can also Git the remaining 
BCS27 transistor (Q4) on te the maw 
board 
After the Wansistors, you ean fit reed 
relay RLY J. making sure you position 
it with the notch’ cod uppermost, as 
indicated in Fig 4 Then comes the 
rotary switch (St), aller fiest cutuing 
is spindle to a length of about 15mm 
from the threaded mounting sleeve, 
ond Bling off any bures 
Mount the switch in the hoard so 
hat it ts oriented with the locating 
spot in the 5 o'clock’ position and 
posh the switch pins through the board 
holes as farus they'll po before solder 
ny to the pads underngath 
Once the switeb is fitted, you should 
remove yts main nutlochwasher port 
tian stopwwasher combination and torn 
the spindie by band to make sure its at 
the fully anti: lockwise litat Then eetit 
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Constructiona 


Set Te 


i ee es 


Fig.5:; install the parts on the PC board a 
resistors as specified in the R/2R ladd 


The display on the LCD mo 
shows the unit’s stalus in eac! 
erating mode. When you ar 


in a new output (or inpul) volia 
displays the digits as you enter ther 
In the normal mode, where the ch 


vider is set to provide a specific gutpu 
voltage, it displays that voltage 
with the assumed input voltage 
you have toggled the diy ider’s output 
off, it displays ‘OFF’ to remind you that 
there is currently zero output. 

All the control circuitry operates 
from an external 12V DC supply. 
which can be a 12V battery or plug- 
pack. The maximum current drawn 
is about 360mA when all 16 relays 
are switched on (ie, when the output 
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= NOTE: 910k 1%; RESISTOR 


J No. Value 

| 4 10k2 

| 1 B.2k2 

a 16 4.7kQ 

4 17 3.000k2 
2] 1 2.2k2 
3) 15 4.500k2 
Q 16 472 

O 1 222 


lectronics, July 2012 
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65 a 
10 Ay TRAS 


REQUIRED IF 3.010k 0.1% RESISTORS ARE USED INSTEAD OF 3,000k 0.1% RESISTORS 


gram and the photo ooverleaf. Be sure to use 0.1% tolerance 
k© and 3.000k® types) + see parts list. 


This drops to 
es: lays are all 

PI 
rec tly 
s diode 
( {\ protec- 
lif {/C1 and the 
( regulated 
the 11.4V line 
,ogulator (REG1). 
ihe ry ‘temas to mention are 
the 4MlHz crystal K1 (used for IC1's 
clack oscillator); tfmpot VR1. which 
sets the contrast of the LCD module; 
and the 22 resistor connecting to pin 
15 of the LCD module. The latter sets 
the current for the LCD module’s LED 


backlighting. 


4-Band Code (1%) 

brown black orange brown 
grey red red brown 

yellow violet red brown 
not applicable 

red red red brown 

not applicable 

yellow violet black brown 
red red black brown 


5-Band Code (1%) 
brown black black red brown 
grey red black brown brown 
yellow violet black brown brown 
not applicable 

red red black brown brown 

not applicable 

yellow violet black gold brown 
red red black gold brown 


Construction 

The Digital Potentiometer is fairly 
easy to build, with almost all compo- 
nents mounted directly ona single PC 
board, coded 856. Measuring 184mm 
x 99.5mm, this PC board is available 
from the EPE PCB Service. The board 
assembly fits snugly inside a stand- 
ard UB2-size plastic box measuring 
197mm x 113mm x 63mm. It mounts 
on the rear of the box lid on four M3 
x 25mm tapped spacers. 

The only parts not mounted di- 
rectly on the PC board are power 
switch S1, the 4 x 4 keypad and the 
six binding posts. These al] mount 
on the box lid, which forms the front 


panel. 


-- Se. 


a 


Everyday Practical Electronics, December 20 


The LCD module is mounted on two M3 x 15mm 
tapped nylon Spacers, and plugs directly into a 
16-way SIL socket (see text for mounting details). 


